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A process for the extraction of poly-3- hydroxybutyric acid from microbial cells 



This invention relates to an extraction pro- 
cess and in particular to a process of extracting 
poly - /3 - hydroxybutyric acid, hereinafter 
referred to as PHB from microbial cells. 

It has been known since the 1920's that 
many micro-organisms are capable of accu- 
mulating granules of PHB within their cells as an 
energy reserve material. It has been proposed in 
US— A— 3107172 to dry such PHB containing 
bacterial cells, for example by spray drying, and 
to use. the resultant dried cells as moulding 
compositions. Suggestions have also been 
made to extract PHB from bacterial ceils and to 
use it as a plastics material, but methods so far 
disclosed have not been economically accept- 
able. 

In order to extract the PHB, it is generally 
necessary to contact the bacterial cells with a 
solvent in which PHB is soluble to leach out the 
PHB from the remainder of the bacterial cell 
material. Some bacteria, for example members 
of the genus Azotobacter readily yield up their 
PHB to the extraction solvent, whereas other 
bacteria, eg Pseudomonadaceae have more 
robust cells and require a cell disruption step 
prior to contact with the extraction solvent. 

Methods of extraction previously proposed 
have included the steps of harvesting the 
bacterial cells from the aqueous fermentation 
medium, eg by centrifugation, to give a mass of 
wet cells which are then contacted with ace- 
tone to effect drying and cell breakage. After re- 
moval of the acetone, the PHB Is extracted with 
a suitable solvent, eg pyridine (US — A — 
3036959) or a dichloromethane/ethanol mix- 
ture (US — A — 3044942). Such methods have 
the advantage that in addition^ to effecting 
drying and cell breakage, acetone also extracts 
lipids and pigments (if any) which would other- 
wise contaminate the product However treat- 
ment of a mass of wet cells with acetone to 
effect drying and cell breakage is not economic 
on a large scale. 

Another method is described in US — A — 
3275610 wherein a dispersion of bacterial cells 
in water is subjected to ultrasonic vibration to 
rupture the cells followed by centrifugation and 
drying before extraction with a solvent such as 
chloroform. After separation of the PHB from 
the chloroform solution, the PHB is washed to 
extract lipids therefrom. 

It has also been proposed in US — A — 
4101533 to extract PHB from dried cells, or 
directly from a wet mass of cells harvested from 
the fermentation medium by centrifugation, by 
heating the cells with certain cyclic carbonate 
solvents. 

It is also possible to extract PHB directly from 
the aqueous cell suspension produced by fermen- 
tation, preferably after some concentration, by 
contact with certain solvents such as chloro- 
form, dichloromethane, or 1,2-dichloroethane 



with, where necessary, a cell disruption step, eg 
milling, prior to contact with the solvent. How- 
ever the solvent, and extraction conditions, have 
to be selected with care to avoid undue uptake 
by the solvent of non-PHB material particularly 
lipids and pigment (if any) present in the 
bacterial cell. Not only does such non-PHB 
material contaminate the product and so pre- 
sent purification difficulties but also the co- 
5 extraction of lipids may tend to result in the 
formation of a relatively stable emulsion 
between the solvent and aqueous phases 
rendering separation thereof difficult. With such 
a direct extraction process, a separate lipid 
5 extraction step prior to contact with the PHB 
extraction solvent is generally not practical as 
the solvents that extract lipids would need to be 
removed, together with the lipids, prior to con- 
tact with the PHB extraction solvent and, 
o because the more effective lipid solvents tend to 
be water miscible, such removal of the lipid 
solution presents practical difficulties. 

We have now found that PHB can be extrac- 
ted from bacterial cells by a particularly simple 
is process amenable to large scale operation. 

According to the present invention we pro- 
vide a process for the extraction of PHB from an 
aqueous suspension of PHB-containing 
bacterial cells comprising introducing said 
jo suspension in finely divided form into a current 
of gas heated to a temperature of at least 
100°C to evaporate the water from said 
suspension, collecting the resultant dried bac- 
terial cells, extracting the PHB therefrom by 
35 contact with an extraction solvent which is a 
liquid that is a solvent from the PHB in the 
bacterial cells, and separating the extraction 
solvent having the PHB dissolved therein from 
the bacterial cell residue, 
40 We have found that such a drying process 
sufficiently weakens the bacterial cells to enable 
the PHB to be extracted without the necessity 
for any separate cell breakage step. While for 
particularly robust bacteria a separate cell 
45 breakage step, eg milling, prior to drying may be 
desirable to increase the yield of PHB extrac- 
ted, we have found that generally such a 
separate cell breakage step prior to drying is not 
necessary and indeed is best avoided if possible 
so as drying milled dispersions gives rise to diffi- 
culties such as build-up in the drier. 

In the process of the invention it is preferred 
to subject the cells to a lipid extraction step 
prior to extraction with the PHB extraction 
55 solvent. Thus the dried cells may be extracted 
with a lipid/pigment solvent such as acetone, 
methanol, ethanol, butanol, hexane, or petro- 
leum ether, followed by separation of the sol- 
vent containing dissolved lipids/pigment from 
60 the ceils prior to contacting the cells with the 
PHB extraction solvent. The lipid/pigment 
extraction Is preferably performed by refluxing 
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the dried cells with the solvent. Acetone and 
methanol are the preferred lipid extraction sol- 
vents. The lipid/pigment extraction solvent may 
be used in admixture with another PHB non-sol- 
vent such as diethyl ether. 

It will be appreciated that this lipid extrac- 
tion may also give rise to some further weaken- 
ing or breakage of the cells thus facilitating the 
subsequent extraction of the PHB. 

In the process of the invention the cells are 
separated from the aqueous suspension by a 
drying process Involving introducing the cell 
suspension in finely divided form, e.g. as a spray 
or fine stream, into a current of gas, e.g. air, 
heated to a temperature of at least 100°C. Pre- 
ferably the suspension is introduced via a spray 
or atomizing nozzle. Such drying processes are 
well known and Include spray and flash drying. 

The heated gas current evaporates off the 
water which is carried away by the gas stream 2 o 
leaving the dried cells which are collected for 
extraction with the PHB extraction solvent. 

The gas inlet temperature may be in the 
range 100°C to 500°C and Is preferably in the 
range 120°C to 250°C. 

Suitable PHB extraction solvents include 
pyridine, cyclic carbonates and, particularly, 
partially halogenated hydrocarbons such as 
chloroform, dichloromethane and 1 ,2-dichloro- 
ethane. 1 ,2-Dichloroethane is not normally con- 
sidered to be a solvent for PHB because PHB, 
after separation from bacterial cells, does not 
readily, or completely, dissolve in 1 ,2-dichloro- 
ethane. Thus, whereas the PHB solution 
separated from the bacterial ceil residue 
appears to be a single phase, a solution made 
by re-dissolving PHB in 1,2-dichloroethane after 
precipitation is, except when very dilute, pearly 
in appearance, and PHB that has been pre- 
cipitated and dried does not readily re-dissolve 40 
in that solvent. It is therefore surprising that 
such a solvent should be effective for extrac- 
ting PHB from cells. 

For efficient extraction, the extraction is pre- 
ferably conducted at a temperature above 45 
40°C. Thus temperatures up to, and Including, 
the solvent boiling point may be used and 
super-atmospheric pressures may be employed 
to enable temperatures in excess of the solvent 
boiling point at atmospheric pressure to be 50 
employed. 

Where the cell suspension is subjected to a 
cell disruption step, e.g. milling, as is not pre- 
ferred for reasons described hereinbefore, prior 
to drying, the extraction temperature should be 55 
below 40° C to avoid undue uptake of lipids. 
Thus if a milled dispersion is dried and extracted 
with a hot soivent, on precipitation of the PHB 
from the solvent, a gelatinous sticky mass tends 
to be formed. Where however a lipid extraction 60 
step is employed prior to contact with the PHB 
solvent, the extraction with the PHB solvent 
may be conducted at temperatures above 40°C. 

The weight of PHB extraction solvent used is 
preferably 1 0 to 1 00 times the cell dry weight. 65 
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The use of smaller amounts of solvent may re- 
duce the- extraction efficiency of crude PHB and 
may give solutions of excessive viscosity while 
the use of larger amounts is uneconomic. The 
amount of solvent Is preferably such that the 
extracted solution contains 0.5 to 5%, parti- 
cularly 1 to 2% PHB by weight. 

The contacting time for extraction should be 
a compromise to give adequate extraction 
without being uneconomical^ lengthy. 

Separation of the cell residue from the PHB- 
containing solution may be effected by a simple 
filtration or centrifugation step. If the cells are 
subjected to a lipid extraction prior to extrac- 
tion of the PHB, the filtration of the PHB solu- 
tion from the cell residue tends to be parti- 
cularly facile and can be effected using rela- 
tively coarse filters. 

After separation of the PHB-containing 
extraction solvent from the bacterial cell 
residue, the PHB solution may be further 
filtered, if desired, to remove any suspended 
bacterial fragments. Such filtration is preferably 
conducted using a filter, e.g. a glass fibre filter, 
having a pore size of less than S /xm, preferably 
less than 2 /zm. 

The separated PHB-containing solution can 
be used directly, preferably after filtration, for 
making solvent cast articles such as coatings, 
films or fibres or the solution may be treated 
further to separate solid PHB, for example by 
evaporation of the solvent or by precipitation by 
addition of the PHB-containing solution to a 
liquid in which PHB is insoluble and with which 
the solvent is miscible. Examples of suitable 
liquids include petroleum ether and 
methanol/water mixtures. The PHB may be puri- 
fied, if desired, by washing with methanol or 
acetone. 

After extraction of the PHB, the bacterial cell 
residues may be further refined for other uses, 
e.g. as a feedstuff or fertilizer. 

Any bacteria that are capable of accumula- 
ting PHB may be used to produce the PHB-con- 
taining bacterial cells. A paper by Senior et al in 
Advances in Microbial Physiology 1973 10 
203 — 266 lists the bacteria published up to 
June 1972 and others are described in US 
Patent 3072538 [Rhizobium mutants) and UK 
Patent 1535632 (especially mutants) of A/cali- 
genes eutrophus, Bacillus megaterium, Zoo- 
gloea ramigera, and Mycoplana rubra). Among 
the preferred bacteria are Azotobacter, 
especially chroococcum, Alcaligenes, especially 
eutrophus, and the Pseudomonadaceae, 
especially Pseudomonas AM1 and Methylo- 
bacterium organophilum. 

Among such bacteria are those capable of 
metabolising one or more of a variety of sub- 
strates, for example carbohydrates, ethanol, 
methanol, polyhydric alcohols, carbon 
dioxide/hydrogen, and carboxyllc acids, and, 
according to the substrate used, may grow 
aerobically or anaerobically. The invention is of 
particular utility in separating PHB from bac- 
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terial cells of the Pseudomonadaceae grown 
under aerobic fermentation conditions on an 
alcohol, particularly methanol, substrate. The 
invention is also of particular utility in separa- 
ting PHB from Azotobacter grown on a water 
soluble carbohydrate such as sucrose or 
glucose. 

The cell suspension produced by the fer- 
mentation process will typically contain 20 to 
55 g T 1 biomass solids. 

The invention is illustrated by the following 
examples in which all percentages are by 
weight. 

Example 1 (Comparative) 

This example demonstrates that simple air 
drying does not weaken the cells sufficiently to 
allow efficient PHB extraction. 

1000 ml of an aqueous suspension of 
Methylobacterium organophilum (NCIB 11483} 
containing 60 g biomass solids of which 36% 
was PHB was centrifuged to give a pellet of wet 
bacterial cells* 

(NCIB No. refers to the number of the culture 
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deposited at the National Collection of Indus- 
trial Bacteria, Torry Research Station, Aber- 
deen, Scotland). 

The pellet was then dried in a fluid bed drier 
at 40° C for 10 hours. 

1 0 g of the resultant dried cells were suspen- 
ded in 500 ml of 1 ,2-dichloroethane at room 
temperature for 1 5 minutes and then the sol- 
vent phase was removed by centrifugation and 
decanting. This solution was added to 3000 ml 
of a methanol/water mixture (4 volumes of 
methanol to T volume of water) with vigorous 
stirring to precipitate crude PHB. The pre- 
cipitate was collected on a filter and dried in 
vacuo at 50° C. The yield of crude PHB was less 
than 0.5%. 

The above experiment was repeated but the 
dry cells were sheared with 1 ,2-dichloroethane 
in a Siiverson mixer at room temperature for 1 5 
minutes. The yield of crude PHB was 1.4%. 

The above experiment was repeated but the 
dry cells were refluxed with the 1,2-dichloro- 
ethane at 83°C for 15 minutes. The yield of 
crude PHB (purity 94.5%) was 29%. 



(Yields are calculated herein as 



weight of crude PHB recovered 
dry weight of cells used 



100 



-x100) 



% PHB in cells 



Example 2 

5000 ml of the aqueous suspension of bac- 
terial cells used in Example 1 was spray dried at 
a suspension feed rate of 5000 ml hr"\ an air 
inlet temperature of 150°C, an air outlet 
temperature of 80°C and an airflow rate of 300 
m 3 hr\ 

20 g of the spray dried cells were suspended 
in 1000 ml of 1 ,2-dichloroethane at room 
temperature for 1 5 minutes. The cell debris was 
removed by filtration through a Whatman 541 
paper filter. The PHB was recovered from the 
solution by adding the latter to 5000 mi of a 
methanol/water mixture (4 vol. methanol: 1 vol. 
water) with vigorous stirring. The precipitate 
was collected on a filter. The yield of crude PHB 
was 5.7%. 

The above experiment was repeated except 
that the dried cells were sheared with the 1 ,2- 
dichloroethane in a Siiverson mixer at room 
temperature for 1 5 minutes. The yield of crude 
PHB (purity 98.2%) was 12.2%. 

The above experiment was repeated except 
that the dried cells were refluxed with the 1,2- 
dichloroethane at 83°C for 15 minutes. The 
yield of crude PHB (purity 93.6%) was 98,3%. 
The precipitate was washed 5 times with 500 
ml aliquots of methanol and then dried at 
106°C. The purity of the washed PHB was 
98.7%. 

Example 3 

20 g of the spray dried cells as used in 
Example 2 were refluxed for 5 minutes with 60 
ml of acetone at 56° C to extract lipids and pig- 
ment and then the acetone removed by filtra- 



30 tion. The residual cells were then sheared for 1 5 
minutes at room temperature with 1000 ml of 
1 ,2-dichloroethane in a Siiverson mixer. The 
resultant solution was filtered from the cell 
residue using a Whatman 541 paper filter and 

35 the PHB was then precipitated by adding the 
solution to 5000 ml of a methanol/water mix- 
ture (4 vol. methanol :1 vol. water) with vigo- 
rous stirring. The precipitate was collected on a 
filter. 

40 The yield of crude PHB (purity 96.7%) was 
43.2%. 

The above procedure was repeated save that 
instead of shearing the acetone extracted cells 
with 1 ,2-dichloroethane, the acetone extracted 
as cells were refluxed for 15 minutes with 1,2- 
dichloroethane at 83 °C. 

The yield of crude PHB (purity 98.4%) was 
95%. 

It is thus seen that while the acetone extrac- 
50 tion further weakened the spray dried cells to 
allow more PHB to be extracted by cold 1 ,2- 
dichloroethane, opray drying alone sufficiently 
weakened the cells to permit efficient extrac- 
tion of the PHB by boiling 1 ,2-dichloroethane. 
55 The acetone extraction did, however, improve 
the purity of the extracted PHB. 

Example 4 

An aqueous suspension of cells of Azoto- 
60 bacter chroococcum (NCIB 9125) containing 60 
g r 1 biomass solids of which 37.8% was PHB 
was spray dried, acetone extracted, extracted 
with 1,2-dichloroethane under reflux, and pre- 
cipitated using the conditions described in 
65 Example 3 above. 
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The yield of crude PHB (purity 98%) was 
89.4%. 

Example 5 

Example 4 was repeated using methanol 5 
instead of acetone as the lipid extraction sol- 
vent and dichloromethane instead of 1,2-di- 
chloroethane as the PHB extraction solvent The 
yield of PHB (purity 98%) was in excess of 95%. 

Similar results were obtained using chloro- 10 
form as the PHB extraction solvent. 

Claims 

1 . A process for the extraction of poly - p - 
hydroxybutyric acid (PHB) from an aqueous 75 
suspension of PHB-containing bacterial cells 
comprising introducing said suspension in finely 
divided form into a current of gas heated to a 
temperature of at least 100°C to evaporate the 
water from the suspension, collecting the resul- 20 
tant dried bacterial cells, extracting the PHB 
therefrom by contact with an extraction solvent 
which is a liquid that is a solvent for the PHB in 

the bacterial cells and separating the extraction 
solvent having the PHB dissolved therein from 25 
the bacterial ceil residue. 

2. A process according to claim 1 wherein, 
prior to contact of the dried cells with the 
extraction solvent, the dried cells are contacted 
with a liquid in which the PHB is not soluble but 30 
in which lipids and/or pigment (if any) in the 
bacterial cells is soluble. 

3. A process according to claim 2 in which 
the iiquid in which PHB is not soluble in ace- 
tone or methanol. 35 

4. A process according to any one of claims 1 
to 3 in which the gas. is heated* to a tempera- 
ture in the range 120 to 250°C, 

5. A process according to any one of claims 1 

to 4 in which the extraction solvent Is a par- 40 
tially halogenated hydrocarbon. 

6. A process according to claim 5 in which 
the extraction solvent is 1 ,2-dichloroethane, di- 
chloromethane, or chloroform. 

7. A process according to any one of claims 1 45 
to 6 in which the dried cells are contacted with 

the extraction solvent at a temperature above 
40°C. 

8. A process according to any one of claims 1 

to 7 in which the weight of extraction solvent is 50 
1 0 to 1 00 times the cell dry weight. 

9. A process according to any one of claims 1 
to 8 in which the PHB is separated from the 
extraction solvent by precipitation into a liquid 

in which PHB is insoluble and with which the 56 
extraction solvent is miscible. 

Revendications 

1. Proc6d6 pour I'extraction d'acide poly - so 
P - hydroxybutyrique (PHB) d partir d'une 
suspension aqueuse de cellules bacteriennes 
contenant du PHB, consistant d introduce cette 
suspension d I'Atat frnement divisS dans un 
courant de gaz chauffe d une temperature d'au 65 



moins 100°C pour provoquer l'6vaporation de 
I'eau & partir de la suspension, d recueiliir les 
cellules' bacteriennes s$ch6es r6sultantes, d en 
extraire !e PHB par contact avec un solvant 
d'extraction qui est un liquide constituant un 
solvant pour le PHB present dans les cellules 
bacteriennes, et £ sSparer le solvant d'extrac- 
tion dans lequel le PHB est dissous des r6sidus 
de cellules bacteriennes. 

2. Proc6d6 suivant la revendication 1 , carac- 
t6ris6 en ce que, avant la mise en contact des 
cellules s£ch6es avec le solvant d'extraction, les 
cellules s6ch6es sont mises en contact avec un 
liquide dans lequel le PHB n'est pas soluble 
mais dans lequel les lipides et/ou les pigments 
(6ventueilement presents) dans les cellules bac- 
teriennes sont solubles. 

3. Proc6de suivant la revendication 2, carac- 
t6ris6 en ce que ie liquide dans lequel le PHB 
n'est pas soluble est de l'ac6tone ou du 
methanol. 

4. Precede suivant I'une quelconque des 
revendications 1 £ 3, caract6ris6 en ce que le 
gaz est chauffe d une temperature comprise 
entre 120 et 250°C. 

5. Proc6d6 suivant I'une quelconque des 
revendications 1 £ 4, caract6ris6 en ce que le 
solvant d'extraction est un hydrocarbure 
partiellement halog6ne. 

6. Proc6d6 suivant la revendication 5, carac- 
t6rise en ce que le solvant d'extraction est du 
1,2-dichlorethane, du dichloromethane ou du 
chloroforme. 

7. Proc6d6 suivant I'une quelconque des 
revendications 1 d 6, caract6ris6 en ce que les 
cellules s£ch£es sont mises en contact avec le 
solvant. d'extraction a une temperature 
sup6rieure d 40° C. 

8. Proc6d6 suivant I'une quelconque des 
revendications 1 d 7, caract6ris6 en ce que le 
poids du solvant d'extraction repr6sente de 1 0 a 
TOO fois le poids d sec des cellules. 

9. Proc§d6 suivant I'une quelconque des 
revendications 1 d 8, caract6ris§ en ce qu'on 
s6pare le PHB du solvant d'extraction par pre- 
cipitation dans un liquide dans lequel le PHB est 
insoluble et avec lequel le solvant d'extraction 
est miscible. 

PatentansprOche 

1 . Verfahren zur Extraktion von Poly - /} - 
hydroxybuttersaure (PHB) aus einer wMISrigen 
Suspension von PHB enthaltenden Bakterien- 
zellen, bei dem die Suspension in fein verteilter 
Form in einen Strom eines auf eine Temperatur 
von mindestens 100°C erhltzten Gases ein- 
geleitet wird, urn das Wasser aus der Suspen- 
sion verdampfen zu lassen, die erhaltenen, 
getrockneten Bakterienzellen gesammelt 
werden, die PHB daraus durch InberQhrung- 
bringen mit einem Extraktionslosungsmittel, bei 
dem es sich urn eine FIQssigkeit handelt, die ein 
Ldsungsmittel fur die in den Bakterienzellen 
enthaltene PHB ist, extrahiert wird und das 
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Extraktionsl6sungsmittel, worin die PHB geldst 
ist, von dem Bakterienzellenruckstand 
abg8trennt wird. 

2. Verfahren nach Anspruch 1, bei dem die 
getrockneten Zellen vor dem Inberuhrung- 
bringen der getrockneten Zellen mit dem Extrak- 
tionsldsungsmittel mit einer FIQssigkeit, in der 
die PHB unldslich ist in der jedoch Upide 
und/oder Pigment, die ggf. in den Bakterien- 
zellen enthalten sind, losiich sind, in Beruhrung 
gebracht werden, 

3. Verfahren nach Anspruch 2, bel dem die 
Flussigkeit, in der PHB unldslich ist, Aceton oder 
Methanol ist. 

4. Verfahren nach einem der AnsprQche.1 bis 
3, bei dem das Gas auf eine Temperatur im 
Bereich von 120 bis 250°C erhitzt wird. 

5. Verfahren nach einem der Anspruche 1 bis 



4, bei dem das Extraktionsldsungsmittel ein teil- 
weise halogenierter Kohlenwasserstoff ist. 

6. Verfahren nach Anspruch 5, bei dem 
das Extraktionsldsungsmittel 1 ,2-Dichlorethan, 

5 Dichlormethan oder Chloroform ist. 

7. Verfahren nach einem der Anspruche 1 bis 

6, bei dem die getrockneten Zellen mit dem 
Extraktionsldsungsmittel bei einer oberhalb von 
40°C liegenden Temperatur in Beruhrung 

to gebracht werden. 

8. Verfahren nach einem der Anspruche 1 bis 

7, bei dem das Gewicht des Extraktions- 
Idsungsmittels das 10- bis 100-fache des 
Trockengewichts der Zellen betrSgt. 

; 5 9. Verfahren nach einem der AnsprQche 1 bis 

8, bei dem die PHB durch Ausfailung in eine 
Flussigkeit, in der PHB unloslich ist und mit der 
das Extraktionsldsungsmittel mischbar ist, von 
dem Extraktionsldsungsmittel abgetrennt wird. 
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